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Introduction 6 the activation of BasRS leads to increased expression of various operons, including its own. This 1 0 0 operon also includes eptA, which encodes a lipid A-specific phosphoethanolamine transferase 1 0 1 (11, 14, 31) .
Relatively little is known about colistin resistance mechanisms in E. coli, other than the 1 0 3 acquisition of mcr-genes (32). Therefore, we studied a collection of colistin-resistant E. coli Approval to obtain data from patient records was granted by the Medical Ethics Review Colistin-resistant E. coli strains were isolated as part of routine diagnostic procedures. This aspect of the study did not require consent or ethical approval by an institutional review 1 1 7 board. to 2011 were identified and their antibiogram was determined using the BD Phoenix automated 1 2 5 identification and susceptibility testing system (Becton Dickinson, Vianen, The Netherlands). Minimal inhibitory concentrations (MICs) to colistin were determined as previously polystyrene plates (Thermo Scientific), and Breathe-Easy sealing membranes (Sigma-Aldrich). The breakpoint value of an MIC > 2 µg/ml for colistin resistance in E. coli was obtained from 1 4 9 10 with the following settings: kmers used: 21, 33, 55, 77, 99, or 127, " careful" option turned on 1 7 7 and cut-offs for final assemblies: minimum contig/scaffold size = 500 bp, minimum 1 7 8 contig/scaffold average Nt coverage = 10-fold (37). MinION sequence read data in FastQ format was extracted from Metrichor base-called 1 8 0 raw FAST5 read-files using Poretools (38). A hybrid assembly for strain E3090 was generated 1 8 1 with trimmed Illumina short-read data and Oxford Nanopore Technologies MinION long-read 1 8 2 data by using SPAdes v3.6.2 with the same settings as the Illumina short-read assemblies, and 1 8 3 specifying the long-read data with the --nanopore flag. Gene prediction and annotation was performed using Prokka (39), using standard 1 8 5 settings. MLST typing was performed using the mlst package v2.10 1 8 6 (https://github.com/tseemann/mlst), using standard settings. Assembled contigs were assessed for 1 8 7 antibiotic resistance genes using ResFinder 3.2 (40), using standard settings. Table S1 ) using ParSNP v1.2 (41). MEGA6 was used to 1 9 4 midpoint root and visualize the phylogenetic tree (42). We identified whether non-synonymous colistin-resistant isolates to their closest matching publicly available genome from the 1 9 7 phylogenetic tree using BLAST (43) . Mutations that were identified in the genome sequences 1 9 8 were confirmed through PCR (oligonucleotide primer sequences are provided in Supplemental 1 9 9 Table S2 ) and subsequent Sanger sequencing of the PCR product by Macrogen (Amsterdam, The 2 0 0 Netherlands). mass spectrometry was performed as previously described (19, 44, 45) . Briefly, Escherichia 2 0 5 strains were grown in LB (Oxoid) and the lipid A was purified from stationary cultures using the 2 0 6 ammonium hydroxide/isobutyric acid method described earlier (46). Mass spectrometry analyses 2 0 7
were performed on a Bruker autoflex™ speed TOF/TOF mass spectrometer in negative 2 0 8 reflective mode with delayed extraction using as matrix an equal volume of dihydroxybenzoic 2 0 9 acid matrix (Sigma-Aldrich) dissolved in (1:2) acetonitrile-0.1% trifluoroacetic acid. The 2 1 0 ion-accelerating voltage was set at 20 kV. Each spectrum was an average of 300 shots. A peptide 2 1 1 calibration standard (Bruker) was used to calibrate the MALDI-TOF. Further calibration for 2 1 2 lipid A analysis was performed externally using lipid A extracted from E. coli strain MG1655 2 1 3 grown in LB medium at 37°C. Chromosomal transgene insertions of basRS were constructed in BW27848 by utilizing 2 1 7 the Tn7 transposon system on the pGRG36 plasmid (35). The strategy to generate the constructs 2 1 8 is illustrated in Supplemental Figure S1 . The promoter of the eptA-basRS operon was fused to 2 1 9 the basRS coding sequence by separate PCRs for the promotor region and the basRS amplicon, 2 2 0 12 with high fidelity Phusion Green Hot Start II DNA Polymerase (Thermo Fisher Scientific) using 2 2 1 strain-specific primers ( Supplemental Table S2 ; oligonucleotides were obtained from Integrated 2 2 2 DNA Technologies, Leuven, Belgium). The promoter and the basRS amplicon were 2 2 3 subsequently fused by overlap PCR. Fused PCR products were cloned into pCR-Blunt II-TOPO 2 2 4 using the Zero Blunt TOPO PCR Cloning kit (Thermo Fisher Scientific), and subsequently 2 2 5 subcloned into pGRG36 (35). Electrocompetent BW25113 and BW27848 E. coli cells were 2 2 6 prepared as described previously (47) and transformed using the following settings: voltage were grown at 30°C. After confirming integration of the Tn7 transposon at the attTn7 site by Supplemental Table S2 ) and Sanger sequencing (Macrogen), the pGRG36 2 3 1 plasmid was cleared by culturing at 37°C. Mutated sequences were subsequently subcloned to pGRG36 as described above. which species identification had been performed and automated antibiotic susceptibility profiles 2 5 1 had been determined, were available for this study. Twelve isolates were deemed resistant to 2 5 2 colistin through routine diagnostic procedures. Two of those isolates were isolated from the same 3 1 4
PCR (primers listed in

Identification of mutations in basRS as candidate mutations involved in colistin resistance.
3 1 5
Because chromosomal mutations in basRS, but not in other regulatory systems, have 3 1 6 previously been suggested to cause colistin resistance in E. coli (24-28), we next aimed to we were unable to generate targeted mutations in these strains. Therefore, we made 3 2 0 chromosomal transgene insertion mutants of the different basRS alleles in the attTn7 site in the 3 2 1 BW25113-derived ∆ basRS strain BW27848 using the Tn7 transposon system. By making 3 2 2 chromosomal transgenes insertions, rather than using an in trans complementation method, we 3 2 3 excluded copy number effects by plasmids, and the need to use antibiotics to select for the 3 2 4 presence of a plasmid used for in trans complementation. Since BW27848 still possesses the basRS coding sequences in order to prevent eptA gene dosage-dependent effects. We were 3 2 8 unable to generate the construct for strain E650, presumably due to the toxicity of the insert. resistance in BW27848. To identify the mutations in the basRS alleles of these strains that 3 4 1 contribute to resistance, we compared the basRS encoding sequences of those strains causing (Supplemental Figure S2 ). As expected, in the mcr-1.1 positive strain E3090 no mutations in 3 4 8 basRS were identified.
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We hypothesised that the observed mutations were impacting the normal functioning of publicly available genome sequences. The MIC values of these mutants returned to levels similar to that of the colistin-susceptible BW27848::Tn7-empty strain ( Table 2) . These experiments 3 5 7 support the involvement of basRS sequence variation in colistin resistance in E. coli. mechanism for intrinsic and transferable polymyxin resistance. MBio 9:e02317-17. Molecular epidemiology and colistin resistant mechanism of mcr-positive and mcr- 38. Loman NJ, Quinlan AR. 2014. Poretools: a toolkit for analyzing nanopore sequence data.
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